INTRODUCTION
Development of terahertz frequencies systems has been widely studied during the last years and this has lead to a wide range of applications as astronomy, biology and medicine, imaging, communications and security. For radio astronomy applications more efficient continuous-wave photonic mixers as terahertz sources are being developed with the motivation to fabricate a universal photonic local oscillator for THz radio astronomy receivers. Two concepts are being combined for this new type of photomixers. The first concept is called large area vertically illuminated travelling-wave (TW) photomixing and the second concept involves unitravelling carrier photodiodes (UTC-PD). The final device, we call TW-UTC photodiode, has been simulated and modelled and will be tested in our terahertz photonics laboratory at the Electrical Engineering Department of the University of Chile, whereas device fabrication is conducted at the MC2 clean room facility at Chalmers University of Technology. This paper describes design and developments made so far of a TW-UTC photomixer for the range 200 GHz -2 THz. CONCEPT The main goal for these new types of photomixers is to achieve a better efficiency and higher bandwidth, for our purpose that means higher power especially at high frequencies beyond 1 THz. It is well known that the main advantage of travelling-wave photodetectors (TWPD's) [1] is to bypass the parasitic RC contact limitation of the corresponding lumped element device. This gives free way to increase the active area without bandwidth penalty, so that bandwidth and power can be improved with TW devices simultaneously.
III. VERTICAL ILLUMINATED TW-UTC PD
Tavelling-wave photomixers can be divided in two classes depending of the effective absorption coefficient of the devices structure [2] , low effective absorption In fibre illuminated devices, the output power is proportional to the square of the photocurrent and the bandwidth depends inversely of the photocarrier lifetime and electrode capacitance, therefore, photomixers have been usually designed for small areas, in order to get a higher power capability largearea travelling-wave photomixers is in our case better option, due to in these types of devices bandwidth is not limited for the electrode capacitance and also it has high-power handling capacity.
In a general case of photomixing when a photomixer is illuminated by two single mode CW lasers beams, the THz output power may be write as [3] In addition to improve even more the THz power, and achieve wide bandwidth, the carrier life time must be improved, Uni-travelling Carrier Photodiodes (UTC-PD) offer a good performance to achieve both goals simultaneously. The main feature of the UTC-PD proposed by Ishibashi et al. [4] is that only electrons work as active carriers, improving a lot the transit time constant and the, mainly dc-, ohmic heating due to the slow hole carriers. Thus, bandwidth and output saturation current are both increased in comparison with PIN PD's and therefore higher output powers can be obtained at high frequencies [3] , [4] .
By using UTC-PD's as vertical illuminated travellingwave devices, we deem it feasible to improve simultaneously bandwidth and output power, the latter would increase by a factor of ) 1 ( I is given by [7] :
where
is the beat part of the interference of both laser powers (
is the drift velocity of the electrons.
The drift velocity is assumed to be very fast, given by ballistic transport, but this holds only for small bias fields (velocity overshoot) where the electrons are not gaining enough energy to be scattered into a side-valley state of the band structure, in which they then would undergo regular slow drift motion. ) (
the spacing between the electrodes, V b is the bias voltage, and τ tr is the effective transit time of the generated photoelectrons. As second order-effects, like heating and therefore saturation, are not considered yet in (5), the illuminated area is not appearing.
In order to optimize the THz output power, not only the above parameters must be tuned, we also need optimize the transit time. The travelling time in the collection layer can be defined as 
III.
TW-UTC PHOTOMIXER MODELLING
Layer Structure:
For the fabrication of the first travelling-wave devices, three different structures have been chosen (see tab. 1 and 2). The first two structures were tested earlier for lumped-element devices in [9] , while the third structure is based in the optimization made by Biddut Banik et al. [6] using the TCAD simulator from Synopsys ( 
Antenna Integration: a.) Bow-tie slot antennas
The TW-UTC PD must be integrated with antennas to generate radiation, different types of antennas such a log spiral and log periodic have been reported [7] , but the impedance of those broadband antennas is relatively low for our propose. Due to terahertz power is proportional to antenna impedance higher impedance antennas are desirable One of our antennas is a bow-tie slot antenna designed to reduce the reflections and minimize standings wave is ( fig. 1 ). In this design the UTC-PD is placed in a coplanar wave guide (CPW) integrated with a slot bowtie antenna, photomixer is back illuminated through vertical illumination and coupled to an hemispherical lens, at the bottom of the structure a mirror is placed to reflect the incoming vertical radiation from the lasers (Fig. 2) .
The electromagnetic performance of the scheme shown in Fig. 2 was optimized using CST Microwave Studio. The S 11 parameter is shown in the Fig. 3 , which is better than around -10 dB. Its oscillating shape is due to the presence of standing waves which are a consequence of the impedance mismatch between the CPW and the bow-tie antenna. The matching process is still under develpment. Fig. 1 Bow-tie slot antenna integrated with CPW: At the back end of the central conductor an absorbing terminator was added; also on the top of the structure a window is made to allow backside vertical illumination through the whole stripline over reflection from a metal patch on the back side of the substrate. 
b.) Butterfly metal antenna
Due to the preferred small gap between inner and outer conductors (a larger one would just produce ohmic losses), the impedance of the CPW is below 50 Ohms.
Therefore, a metal bowtie antenna with its lower impedance around 70 Ohms matches much better than a bowtie slot which has a much higher impedance around 150 Ohms.
It is well known that the output power is proportional to the antenna impedance and in the general case the impedance of a planar antenna is at most a few hundreds of Ohms [3] and usually is bigger than the impedance of our CPW. Thus the photomixer works under mismatched condition, therefore a lower impedance antenna is another alternative to reduce the mismatch shown in fig 3, where the oscillating shape of the S 11 parameter is a consequence of this mismatch. 
IV. DEVICE FABRICATION
The first vertically illuminated TW-UTC PDs are being fabricated at Chalmers University. The epitaxial layer structure used is shown in Table 1 . First devices have been developed using different antenna lengths form 350 um to 1000 um, and 600 um mesa structure CPW length, with 3 um width for the central conductor and 3 um for the slot spacing between the lines. Three solvents are used in the process of wafer cleaning, acetone, methanol and IPA, all of them heated at 60°C in a sequence of 10 min, 30 s and 2 min respectively. After this step standard lithography is used to fabricate the device, the first p-contact on the top of the mesa structure is built using first an image reversal resist AZ5214E, the contact is deposited using standard deposition technique. In order to have an ohmic contact the sequence of Pt/Ti/Pt/Au/Ni was used, for the pcontact, where the Ni layer is used as mask for the further ICP dry etching. A similar sequence of Ti/Pl/Au/Ni was used for the n-contact. For the etching of the mesa structure dry and wet etching was used. The result can be seen in Fig. 6 . Due to its better performance and anisotropy, ICP etching was chosen for the first 800 nm, and the process is controlled using a model for the reflectance. However, it is not selective to the layer materials, therefore the dry etching is stopped until the end of the layer 5. From 800 nm until layer 4, where the n-contact is placed on layer 3, wet etching is used for InP with a low etching rate to use the layer 4 of InGaAs as an etch-stop. Pictures of the first batch of photomixers are shown in figures 7. 
V. DEVICE TESTING SET UP
Device testing will be performed at our terahertz photonics laboratory at the Electrical Engineering Department of the University of Chile. A Schematic set-up of the optical testing system is shown in Fig. 8 , the IR-optic developed by E. Michael [7, 8] , was designed using an optic ray-tracing software (ZEMAX). The idea is to exploit the grating dispersion to design an optical set-up with frequency independent alignment which does the proper transformation from the grating dispersion to the phase-match angle frequency dependence on the mixer. For ffter the optimization of the parameters with this flexible optics, we are actually developing a design for fiber-pigtail micro optics integrated with the mixer-block.
We have chosen the CPW length rather large to enable also experiments for the characterization of the devices. Especially it is of interest, how high the losses per length unit are on the CPW. To determine the dark/cold losses (as a function of frequency) of the CPW, the antenna will be stepped away from the laser beams and the decrease of radiated THz-power will be measured on the detector (4K-InSb-hotelectron-bolometer or room-temperature Golay-cell). It is planned also to investigate if there is a mechanism for "hot losses", which means an additional loss while the line is illuminated. Those can be investigated with using an additional beam of a third color steered to in between retarded pump beam and antenna. If this loss exists it could be an important mechanism for the explanation of a decreased output power against recent theoretical calculation of the UTC output power [10] , which might ultimately help to improve models and designs for the UTC photodiode [11] . Fig. 8 : Optics set-up used previously for 800 nm testing of LT-GaAs-based MSM-photomixers [7] , [8] . A similar setup is used with new fiber-based lasers and laser an amplifier for the 1550nm band, and the beam after the optical amplifier is emerging from a fiber coupler.
